Three EAG-active components were detected in the GC-EAD analyses of the hexane extracts of abdominal tips from virgin females of Acrolepiopsis nagaimo Yasuda (Lepidoptera: Acrolepiidae). These components were identified as (Z)-11-hexadecenyl acetate (Z11-16:Ac), (Z)-11-hexadecenal (Z11-16:Ald) and (Z)-11-hexadecen-1-ol (Z11-16:OH) at 1.8, 0.6, and 0.2 ng/female, respectively, by subsequent GC-MS analyses and chemical derivatization. In a field test conducted at Daiei-cho, Tottori in 1998, more males were captured with blends of Z11-16:Ac and Z11-16:Ald (0.1 mg/septum) at ratios of 50 : 50 and 75 : 25 than with two 2-to 3-d-old virgin females while the effect of an addition of Z11-16:OH to the blends was unclear.
INTRODUCTION
In Tottori Prefecture, Japan, the Chinese yam (Dioscorea opposita Thunberg, Dioscoreaceae) is cultivated in sand dune areas along the Sea of Japan, and is a special local product of economic importance. Occasionally, it has been severely damaged by the beet armyworm, Spodoptera exigua, and/or the common cutworm, S. litura. The former pest has been successfully controlled by mating disruption with synthetic sex pheromone (Taniguchi, 1994) and the latter by spraying specific insecticides. Another small leafminer, however, remains capable of causing severe damage to the Chinese yam despite the above treatments described for Spodoptera spp. Although this leafminer had been known as the yam leafminer, Acrolepiopsis suzukiella (Matsumura), recently Yasuda (2000) revealed that it is in fact a different species from A. suzukiella, and described it as a new species, A. nagaimo.
The male moths of A. nagaimo have been captured with traps baited with a 5 : 5 : 1 blend of (Z)-11-hexadecenyl acetate (Z11-16:Ac), (Z)-11-hexadecenal (Z11-16:Ald) and (Z)-11-hexadecen-1-ol (Z11-16:OH) at 1.1 mg/septum by Tanaka (unpublished data) . This lure was found as a sex attractant formulation for the allium leafminer, A. sapporensis (Matsumura) (ϭAcrolepia alliella in Sato et al., 1979) . In this study, we aimed to identify the sex pheromone components of A. nagaimo, in order to develop synthetic sex pheromone formulations for population monitoring and/or mating disruption.
MATERIALS AND METHODS

Insect.
A. nagaimo larvae were collected in Chinese yam fields in Daiei-cho, Tottori Prefecture in September 1997. The laboratory population was kept on Chinese yam leaves at 25°C and L16:D8 photoperiod. Immatures were sexed at the pupal stage and maintained in separate net cages under the same conditions. Emerging adults were transferred to separate containers every 24 h and provided with 10% sucrose solution impregnated in a small cotton pad.
Observation of mating behavior. Groups of five pairs of females and males immediately after emergence were placed in glass pots (9 cm dia.ϫ6 cm ht.) and provided with 5% sucrose solution. Behavior of the moths was observed at 20-min intervals under dim red light for five successive dark periods under 25°C and 16L:8D.
Extraction. Extract was obtained from 3-d-old
Sex pheromone of Acrolepiopsis nagaimo Yasuda (Lepidoptera: Acrolepiidae), a predominant leafminer on Chinese yam in Tottori Prefecture: identification and field attraction virgin females 1 h after the beginning of the scotophase when mating was most frequently observed. The abdominal tip containing the pheromone gland was excised from the female abdomen with fine forceps and dipped in hexane (ca. 10 tips/100 ml) for ca. 15 min. The tips were filtered off through a small wad of cotton wool to obtain the extract. The extracts were accumulated and stored below Ϫ20°C until use. Gas chromatography (GC) and electroantennographic detection (GC-EAD). GC analyses were conducted on a Hewlett-Packard (HP) 5890II gas chromatograph equipped with a flame ionization detector (FID) and an HP-INNOWax fused silica column (polar column: 30 mϫ0.25 mm (ID)ϫ0.25 mm film thickness; HP) or an HP-1 column (non-polar column: 25 mϫ0.2 mm (ID)ϫ0.33 mm film thickness; HP). Helium was used as the carrier gas at a column head pressure of 110 kPa. Injections were made in the splitless mode at 230°C for 1 min. The temperature program of the column oven was 50°C for 1 min, 50 to 150°C at 20°C/min, and 150°C to 230°C at 5°C/min. These temperatures were held at the final stage for 15 min for the HP-INNOWax column, but the final temperature was 250°C for the HP-1 column.
An electroantennographic (EAG) response was obtained simultaneously with the FID recording. The electroantennographic detection (EAD) system was set up according to Struble and Arn (1984) with a minor modification of the column split system.
In certain analyses, n-alkanes with even numbers of carbon atoms from 12 to 22 for the HP-1 column or from 20 to 26 for the HP-INNOWax column were added as references for the calculation of retention indices (I; Kováts, 1965) . The n-alkanes were eluted with approximately equal intervals under these conditions. Gas chromatography-mass spectrometry (GC-MS). GC-MS analyses were conducted with a JEOL JMA-SX102A double-focusing magnetic sector spectrometer in the electron impact ionization mode (70 eV, 200°C) , that was interfaced with an HP6890 GC. The GC was equipped with an HP-1 capillary column (15 mϫ0.25 mm (ID), 0.25 mm film thickness, HP), and operated under the same conditions as stated above. For the analysis of dimethyl disulfide derivatives, the temperature was raised to 270°C at the same rate.
Dimethyl disulfide (DMDS) adducts.
According to the method described by Buser et al. (1983) , 20 ml of DMDS and a very small crystal of iodine were added to ca. 10 ml of hexane solution of the test material in a 100-ml capillary tube with one end sealed. The other end of the capillary was then sealed and kept at 55°C for 2 h. After pouring the solution onto 100 ml of 5% Na 2 S 2 O 3 solution in distilled water, the products were extracted three times with 100 ml each of hexane. The extracts were combined and then concentrated to ca. 4 ml for injection into the GC-MS.
Chemicals. (Z)-11-and (E)-11-hexadecenyl acetates (Z11-16:Ac and E11-16:Ac) were provided by Shin-Etsu Chem. Co. Ltd. and used after purification by column chromatography on silica gel (Wakogel 100-200 mesh) impregnated with 16.7% of AgNO 3 . The corresponding alcohols (Z11-16:OH and E11-16:OH) and aldehydes (Z11-16:Ald and E11-16:Ald) were obtained by hydrolysis of the acetates and by subsequent oxidation with pyridinium chlorochromate, respectively. The purity of all the compounds was more than 99.5% in respect to positional and geometric isomerism.
Field test. Sticky trap (green type SE-Trap, Sankei Chem. Co. Ltd., Kagoshima), which has a triangle section, a dimension of 29 cmϫ32 cmϫ 8 cm height and a 24 cmϫ30 cm sticky plate, was used. Synthetic chemicals were impregnated into gray septa made of halo-butyl isoprene blend elastomer (8 mm OD, West Co., Singapore) by applying 300 ml of the hexane solution into the depression. As an antioxidant, 10 mg of p-t-butylcatechol (TBC) in 200 ml of chloroform was also added. Each septum was placed in a draft chamber for ca. 12 h at room temperature to allow the solvents to evaporate. The septa were stored at below Ϫ20°C until use. For the negative control, a septum containing no pheromone chemicals but treated with the same amounts of hexane and TBC in chloroform was used. Each septum was hung with wire about 3 cm above the sticky plate in the trap. Virgin female traps were also placed as a control; a net cage (6 cm dia.) containing two 2-to 3-d-old virgin females and a cotton wick impregnated with diluted sucrose solution in a glass tube was placed in a sticky trap.
The field test was carried out in a 16-a Chinese yam field at Daiei-cho, Tottori Prefecture, for 7 nights between 21 and 31 July 1998. Traps were set 0.5 m above the ground at about 10-m intervals in a plot of the Chinese yam fields. Trap catches were checked daily and traps were rotated at the sites to cancel out any possible effect due to trap location. Trap data (X) were transformed to log(Xϩ0.5), submitted to a 2-way-layout ANOVA and ranked by Tukey's test. In Fig. 3 , the values indicated are the restored means from transformed data and means followed by the same letter are not significantly different at the 5% level.
All the moth specimens collected from 25 to 27 July were examined under a microscope for species identification.
RESULTS
Mating behavior
To determine the age and time of extraction of the pheromone gland, mating behavior was observed in the laboratory. A total of 20 pairs of females and males were observed: 0, 2, 13, 4 and 1 pairs were observed to copulate in the 1st, 2nd, 3rd, 4th and 5th dark periods, respectively. This indicated that the insects became mature at 3 d after emergence. Most mating (17/20) took place within 1 h after lights-off and the rest (3/20) between 4.5 and 6 h after lights-off. Timing of mating initiation is probably controlled by photoperiod. Based on these observations, extracts were prepared from 3-d-old females about 1 h after lights-off.
Structure elucidation of pheromone compounds
Extracts were accumulated from the abdominal tips of 200 females. When ca. 5 FE (female equivalents) of the crude extract was injected into a GC-EAD equipped with an HP-INNOWax column, three distinct EAG responses by male antenna and corresponding FID peaks were observed (Fig. 1) . The EAG-active compounds were arbitrarily named A, B and C, according to the order of the corresponding FID peak size. The amounts of compounds A, B and C were calculated to be 1.8, 0.6 and 0.2 ng/female, respectively, based on a comparison of FID peak size. The calculated I values are shown together with those for several authentic chemicals in Table 1 .
Since the crude extract fortunately contained a very small amount of inactive compounds (Fig. 1) , about 5 FE of the extract was injected into the GC-MS without further purification. Compounds A, B and C were eluted at t R ϭ11.42 min, t R ϭ8.80 min and t R ϭ9.64 min, respectively. In the mass spectrum for compound A ( Fig. 2A) (Fig. 2B) , characteristic ions were m/z 238 (M ϩ , 12.7%), 220 (M-18, 26%) and 55 (base, 100%). Small but distinct molecular ions at m/z 238 and M-18 ion at m/z 220 suggested that compound B was hexadecenal. In these two mass spectra, a series of fragment ions observed were characteristic of a mono-unsaturated aliphatic carbon chain, which supported the above interpretation. For compound C (Fig. 2C) , the base ion was observed at m/z 55 and the same series of fragment ions were clearly observed, but the diagnostic ion peak was not clear at a higher mass range due to small amounts and a consequently high noise level.
The calculated I value shown in Table 1 supported the above interpretation on mass spectra of compounds A and B; that is, these were hexadecenyl acetate and hexadecenal, respectively. As for compound C, retention indices on nonpolar and polar columns indicated that it was hexadecen-1-ol. This interpretation was supported by the ion peak observed at m/z 222 (25%), which should be the characteristic M-18 ion for hexadecen-1-ol.
For determining the double bond position, ca. 125 FE of crude extract was reacted with DMDS and the adducts were analyzed with GC-MS. The DMDS adducts of compounds A, B and C were eluted at t R ϭ23.12 min, t R ϭ20.04 min and t R ϭ 21.16 min, respectively. In the mass spectra, the ). Based on these interpretations, all three compounds were determined to have a double bond at the 11-position.
For determining geometric isomerism, I values were compared on the polar HP-INNOWax column (Table 1 ). The I values for compounds A, B and C were identical or very similar to those for the corresponding (Z)-isomers, but apparently different from those for the (E)-isomers. Therefore, compounds A, B and C were identified as Z11-16:Ac, Z11-16:Ald and Z11-16:OH, respectively.
Field attraction
When baited with blends of Z11-16:Ac and Z11-16:Ald at different ratios, more males were captured with the 50 : 50 and 75 : 25 blends than with the other blends, while very few were with single compounds (Fig. 3 ). Males were captured in traps baited with two virgin females but the catch was smaller than that obtained with the blends of synthetic compounds. When 10% of Z11-16:OH was added to the 2-component blends, however, the effect was unclear (Fig. 3) .
Among the 730 specimens caught on three successive nights (25-27 July) during the test period, 713 (97.6%) and 4 (0.5%) were identified as A. nagaimo and A. sapporensis, respectively. Three A. nagaimo females (0.4%) were present. The other 13 specimens (1.8%) were not identified because they lacked an abdomen, but they were probably A. nagaimo males. A. suzukiella was not found in the collection.
DISCUSSION
Three EAG-active compounds, (Z)-11-hexadecenyl acetate (Z11-16:Ac), (Z)-11-hexadecenal (Z11-16:Ald) and (Z)-11-hexadecen-1-ol (Z11-16:OH), were identified at a ratio of 100 : 35 : 13 (ϭ67 : 24 : 9) in the extracts of the abdominal tips 74 S. Wakamura et al. of virgin A. nagaimo females. The blends of the former two compounds apparently attracted more males than did three 2-d-old virgin females (Fig.  3) . This confirmed these two compounds as sex pheromone components of this insect. The addition of Z11-16:OH to the binary blends, however, did not increase the trap catches (Fig. 3) . Further investigation, therefore, is necessary to confirm the activity of Z11-16:OH.
In the genus Acrolepiopsis, the female sex pheromone of A. assectella Zell. has been identified as Z11-16:Ald (Renou et al., 1981) and improved formulation was determined to be a 10 : 1 blend of Z11-16:Ald and Z11-16:Ac (Minks et al., 1994) in Europe. In Japan, males of four species of this genus were attracted to these single compounds or their mixtures: A. issikiella to Z11-16:Ald, A. sapporensis to 3 : 1 : 1, A. suzukiella to 1 : 9 : 0 and Acrolepiopsis sp. to 9 : 0 : 1 blends of Z11-16:Ac, Z11-16:Ald and Z11-16:OH, respectively (Ando et al., 1981) , although the compounds have not been confirmed as sex pheromone components.
However, A. suzukiella males were not captured with the 10 : 90 : 0 blend in our field test. The reason for this is unclear since it was not certain whether A. suzukiella was abundant in the Chinese yam fields in Tottori. Therefore, further detailed field surveys are necessary to examine whether synthetic sex pheromone blend for A. nagaimo would provide a species-specific tool for population monitoring, especially for distinguishing from A. suzukiella, a species that is very similar in external characters.
The composition of sex pheromone components of A. nagaimo is similar to that of sex attractant for A. sapporensis (Sato et al., 1979; Yamada and Koshihara, 1980) . The lure for A. sapporensis is probably useful for population monitoring of A. nagaimo, although optimum formulation needs to be determined. The components of A. nagaimo sex pheromone are also common to those for the diamond back moth, Plutella xylostella (Tamaki et al., 1977; Ando et al., 1979; Koshihara and Yamada, 1980) . The mating disruptant for P. xylostella, which is commercially available, might also be effective against A. nagaimo.
